Introduction
Transportation corridors in a great deal of regions are often liable to undergo rockfalls, which cause a major hazard for motorists as well as a large amount of damage and injuries (Bunce et al., 1997; Hungr et al., 1999; Budetta et al., 2005) . Over the last two decades, several qualitative risk rating systems (QRSs) have been proposed in order to reduce the potential consequences of rockfalls, and information technology systems (involving the use of electronic data sets, video images, lidar-based technologies, and GIS) have been implemented by several authors and transportation agencies in the USA, Canada, Australia and elsewhere (Pierson et al., 1990; Franklin and Senior, 1997; Bateman, 2003; Rose, 2005; Drumm et al., 2005; Liang et al., 2006; Pack et al., 2007; Youssef and Maerz, 2012; Russell et al., 2008; Mekni et al., 2008; Ferrero et al., 2011; Lato et al., 2012; Mignelli et al., 2012) .
A lot of these QRSs invariably use a crude exponential scoring pattern requiring a base of 3 (e.g. 3, 9, 27, 81 or 1, 3, 9, 27, 81) , and the total score reflecting the risk derived from the summation of scores of factors of different quantitative and qualitative categories (the slope height, ditch effectiveness, traffic, geological characteristics, failure magnitude and consequence). In particular the geological characteristics of slopes and cuts are described in an inadequate manner, and the parameters do not always seem appropriate (Hack, 2002; Budetta, 2004; Pantelidis, 2009) . Furthermore, this procedure is not consistent with the definition of risk used in the quantitative risk analysis (QRA) (risk = hazard × consequences), and related results cannot be compared (Pantelidis, 2011) .
In order to evaluate the rockfall hazard, we should use probabilistic or deterministic approaches for calculating safety factors of the studied road slopes. As these approaches require several geomechanical and statistical data along many kilometres of road, they are not quick methods. However, the documentation of rockfall activity is commonly poor for most roads or absent for new roads, and complete landslide inventories are rare due to the lack of reporting of small/medium events by companies that manage the roads.
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Furthermore, many variables do not make QRA easy, e.g. simplifying assumptions adopted as regards the traffic and vehicles, disregarding socio-economic consequences due to traffic disruption, empirical or heuristic methods used for the study of correlations between the rockfall frequency and the triggering factors. As a result, a high level of sophisticated calculations is often inadequate with regard to the quality of data input.
QRSs are the most widely used methods because they are "first-level" or "intermediate" characterisation approaches, useful for subsequent detailed geomechanical analyses in well-located areas (Fell et al., 2008) . In the international literature there are no investigations concerning the main differences and similarities among these methods. Pantelidis (2011) listed 18 systems and performed a critical review, but he did not make a real comparison applying them to the same road stretch. Consequently, it is difficult to decide what method best suits the local geological and environmental settings. The aim of this paper is therefore to show the results of three qualitative methods: the original Rockfall Hazard Rating System (RHRS) by Pierson et al. (1990) , the modified version of RHRS (mRHRS) proposed by Budetta (2004) , and the modified Colorado Rockfall Hazard Rating System (CRHRS) proposed by Russell et al. (2008) . The studied road stretch belongs to an important road linking some famous tourist resorts in the southern slope of the Sorrento Peninsula (southern Italy) such as Positano, Amalfi and Salerno, the province capital town (Fig. 1 ). This road is affected by a high traffic intensity because it is the only transportation corridor in this area that, due to its complex geomorphological and geostructural setting, is sometimes affected by rockfalls, which cause damage and road closures.
Methods
All three methods use an exponential scoring system with a base of 3, and the risk (R) is given by (Pantelidis, 2011) 
where f m , f h , f d , and f c are factors related to the estimated magnitude of failure (m), the failure hazard (h), the ditch effectiveness (d), and the consequences of a possible failure (c), respectively. The Rockfall Hazard Rating System (RHRS) was developed at the Oregon Transportation Department and was tested at over 4000 sites along the US motorway system (Pierson et al., 1990; Pierson and van Vickle, 1993; Pierson et al., 2005) . The exponential scoring system applies to the hazard factors (slope height, geological characteristics, block size, volume of rockfall per event, climate and presence of water on slope and rockfall history) and to the consequence factors (ditch effectiveness, average vehicle risk, percentage of decision sight distance, roadway width). Some categories are described qualitatively and might lead to ap- praisals which might be subjective and approximate. Slopes with total scores lower than 300 are classified for remedial work with a low urgency, whereas those higher than 500 need immediate stabilization measures.
In order to make the scoring criteria more objective, Budetta (2004) suggested some modifications for the abovementioned categories. In mRHRS, Romana's slope mass rating (SMR - Romana, 1985 Romana, , 1988 Romana, , 1991 for the slope instability hazard evaluation was introduced. Consequently, some parameters were introduced to cover geomechanical features of discontinuities, slope failure modes and cut excavation methods. Another reason for which Romana's classification has been used is to rate the joint spacing and groundwater conditions of outcropping rock masses. On behalf of the JTC-1 (Joint Technical Committee on Landslides and Engineered Slopes), Fell et al. (2008) suggested mRHRS as an intermediate characterisation method for cuts and slopes along roads and railways.
The modified version of the Colorado Rockfall Hazard Rating System (CRHRS) was developed at the Colorado Department of Transportation (CDOT) by Russell et al. (2008) . Twenty-seven parameters were grouped into four separate categories (slope, climatic, geological, and traffic characteristics) and were added. Depending on the slope lithology, not all of the 27 parameters are used simultaneously. If sedimentary or crystalline rock masses outcrop on the slope 18 parameters must be used, whereas if the dominant lithology is the block-in-matrix material, then only 12 parameters are rated (in such a case discontinuities are obviously not present). As this study deals with sedimentary rocks, specific rating parameters pertinent to these outcropping rock masses were analysed.
For predicting the total hazard score using fewer parameters than the 18 contained in CRHRS, equations based on the ordered logistic regression of 355 slopes of crystalline, sedimentary and block-in-matrix rocks were developed (Santi et al., 2009) . For sedimentary rock masses the following equations were developed, where the predictive total hazard score (PS) is given by (Santi et al., 2009) i. 6-term equation, valid for cut slopes (n = 43):
ii. 4-term equation, valid for cut slopes (n = 43):
iii. 4-term equation, valid for total slopes (n = 31):
where SH is slope height, RF rockfall frequency, LF launching features, AS slope aspect, IN degree of interbedding, AP aperture of discontinuities, PO persistence and orientation of discontinuities, NS number of sets of discontinuities, and WG weathering condition of discontinuities. Even though it is not as detailed as the overall measured score (based on 18 parameters for sedimentary rock masses), these equations can be used for a rapid, preliminary rating of the slope hazard (Santi et al., 2009) .
In all three methods, the percentage of the decision sight distance (PDSD) category is employed. PDSD measures the percentage of reduction in the decision sight distance (DSD). For USA roads this percentage is obtained according to AASHTO (2011) , whereas in Italy the Italian Road Rules must be used (Ministerial Decree 5/11/2001, no. 6972) . According to these rules, PDSD is given by
where ASD is the actual sight distance (km) and DSD represents the length of road (km) a driver needs in order to make a complex or instantaneous decision. In Italy, DSD is considered as the distance along a roadway within which a 15 cm high stationary object is continuously visible from 1.10 m above the road (i.e. the height of a driver's eye on the road). ASD in the two traffic directions should be evaluated because, normally, an object will be most obscured when it is located just beyond the sharpest part of a curve. Consequently, in the same road section depending on the two traffic directions, ASD can be greatly different. 
The road stretch studied
The road portion studied belongs to a very tortuous road path ( Fig. 2 ) going along the coast (the Amalfitana no. 163 state road) that was built in the middle of the 19th century by the Bourbon Department of Bridges and Roads. As a result of its age and impossibility of a modern realignment (in order to preserve the environmental heritage of this area protected by UNESCO), the road is characterised by the following: (i) only one single lane going in each direction without an adequate hard shoulder, which does not leave enough space for the driver to swerve to avoid any fallen rocks; (ii) no ditches to retain any fallen rocks, allowing the material to spill out onto the road; and (iii) a high degree of road curvature resulting in a small PDSD. The width of the road is 7.0 m, but it is not wide enough in most places to allow vehicles to overtake one another (especially buses and trucks) or vehicles travelling in opposite directions meeting up.
The road stretch, of 11.050 km in length (from km 23 + 700 to km 34 + 750 with increasing progressive kilometres towards Salerno) crossing several municipal territories, has been subdivided into 56 sections. These sections, with lengths varying between about 330 and 70 m, were defined so as to have -as much as possible -homogeneous geological characteristics. Seventeen sections having a total length of about 3.6 km were rejected from further processing because slopes flanking the road are either not affected by potential rockfalls or are anthropized with buildings and high walls. By means of topographic maps and field measurements, ASD for the remaining 39 sections, in both directions, were calculated by the following (Ministerial Decree 5/11/2001, no. 6972):
where R is the radius of the curvature of the road (measured by the topographical map), b the distance between the driver's eye and the edge of the road curve, and c the distance
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between a possible boulder placed on the lane and the edge of the road curve.
Where sight distances are more critical, due to the presence of obstacles or vegetation, b values were measured using levelling rods. For the sake of simplicity, the supposed boulder position on the road was always assumed at c = 3.50 m from the edge of the curve, this distance being half of the road width. The posed speed limits (PSLs), as a function of the tortuous road path, are 50, 40 and 30 km h −1 . PDSD obtained using Eq. (5) for all sections, varies between 38 % and 30 %, and it is always very limited.
An analysis of traffic data recorded in the spring/summer and the autumn/winter periods of 2003, and for different sunlight conditions (day and night), was performed by Cantarella and De Luca (2006) . About 80 % of the traffic is made up of cars and the remainder of tourist coaches and motorcycles. Considering the average daily traffic (ADT) data, during the two above-mentioned periods, there are not any notable differences and the traffic is almost constant. The vehicular flow due to commuting and business (very intense in the low season) during the spring/summer period is replaced by an equally intense tourism one.
In order to evaluate the average vehicle risk (AVR), ADT and PSL data were used according to the following formula (Pierson et al., 1990) :
where SL is the hazard zone length (km). AVR represents the spatial probability of occurrence of a vehicle in the rockfall road sector and varies as a function of the two road directions and seasons of the year. Along the road, AVR varies between 8.7 % (in the winter period) and 66.4 % (in the summer period).
Field surveys and geological data
The study area (Fig. 1) lies on the northern side of the Gulf of Salerno. This area belongs to the wider context of the Sorrento-Amalfi peninsula that, in turn, is a carbonatic horst which is transversal to the Southern Apennine chain, separating two tectonic depressions -the Campania Plain to the north and the Gulf of Salerno to the south (Bonardi et al., 2009) . Major NE-SW-trending faults delimit the peninsula, which is also affected by several NW-SE transverse faults (partly strike-slip faults) creating secondary horstgraben structures. As a result of the heavy tectonic disturbance, outcropping rock masses are always extremely fractured (Fig. 3) .
In order to detect geometrical and geological parameters needed for the application of selected QRSs, field surveys were carried out on slopes flanking the 39 road sections potentially affected by rockfalls. With reference to climate conditions (annual precipitations and freeze-thaw cycles) as well the water infiltration, references were made to Consequence score; 2) Hazard score; 3) Road section affected by rock falls. 6 Fig. 3 . Examples of unstable blocks impending over the studied road stretch. Ducci and Tranfaglia (2008) . For the study area (in the period , average values of the annual precipitation and temperature were 1350 mm yr −1 and 15 • C, respectively, while the average infiltration rate is 450 mm yr −1 (Ducci and Tranfaglia, 2008) . In order to rate geomechanical features of discontinuities (such as joint orientations and spacing, rock-quality designation (RQD), apertures, shear strength of discontinuities and so on), needed for calculation of SMR index (coupled in mRHRS), about 40 perpendicular scan lines were carried out by experienced rock-climbing geologists. Due to the significantly more complex and laborious approach required in mRHRS with respect to the other two methods, only seven slopes at Conca dei Marini, Amalfi, and Maiori were studied.
Briefly, with reference to the main geometrical and geological characteristics of the slopes flanking the entire road stretch, the following features can be highlighted. Many slopes (about 46 %) have heights greater than 30 m with average slope angles varying between 80 • and 87 • . Almost vertical slope profiles favour the free fall of boulders on the road, whereas in the remaining cases irregular rock faces, due to the presence of ridges or benches with lower slopes, cause launching and rebounding phenomena. On the slopes, the cross-bedded Jurassic limestones outcrop, on average dipping approximately 20 • W-SW, and sometimes rock masses crop out dipping less than the slope or with horizontal strata. A heavy tectonic disturbance affects the carbonate rock masses favouring prismatic or slab block detachments along the strata. Three joint sets or more can be found corresponding to fractures striking parallel to the slopes or with mutually intersecting Apenninic (NW-SE) and antiApenninic (NE-SW) trends. Locally, a complex structural setting can be found due to several folds with eastwardverging axes. With reference to the joint characters, the joint spacing ranges between moderately wide to very wide. Except for bedding planes, displaying tight apertures, all other tectonic discontinuities are open and very open joints, almost all filled with pyroclastic and clayey materials from run-off.
Cavities and very open joints due to the chemical dissolution of limestones in several sites are present, and karst dissolution is an active geomorphological process weakening over time the intact rock portions (rock bridges) separating the adjacent rock walls with open discontinuities.
Rockfall events and return periods
High cuts and natural slopes give rise to falls, planar or wedge slides and, more rarely, topples mainly due to the unfavourable layout of the joints, geomorphology, climate, and vegetation (joint enlargement caused by the roots of the plants). With reference to the entire road path of the Amalfitana from Positano to Cetara, Ferlisi et al. (2012) prepared a rockfall database using different documentary sources that covers a time span from 1853 to 1999. Rockfalls were classified on the basis of the magnitude (boulder volume) deposed on the road. A total of 82 rockfalls were recorded. The rockfall inventory was enlarged using new data by ANAS (the national company which owns the road) related to the time span from 2000 to 2008, and IFFI Catalogue (Progetto IFFI, 2010) spanning from 1969 to 1998. In such a way, a database reporting the progressive kilometres, dates and municipalities in which falls happened was prepared covering a time span from 1969 to 2008 (Table 1) . A total of 33 events were recorded with a maximum rockfall density affecting road sections crossing the territories of Conca dei Marini and Amalfi. Due to the non-recording of small rockfall volumes by ANAS, the catalogue is incomplete. Rockfalls mainly occur in autumn/winter depending on high-intensity and shortduration rainfalls usually occurring during the months of October and November. Secondary falls of already detached boulders that are no longer supported by vegetation often result from summer wildfires.
According to Corominas and Moya (2008) , the rockfall frequency was expressed as relative frequency (f r ) (i.e. the number of rockfalls reaching the infrastructure per unit length and per year). Reliable data can be referred to only for sections crossing the territory of Conca dei Marini and Amalfi for which values of f r of about 0.14 and 0.13 events yr −1 km −1 were calculated. An explanation for these low f r values is the presence of protection measures (such as barriers or wire meshes) on a lot of slopes hanging over the road with more put in place during the 1980s and 1990s. For safety reasons, in QRS calculations these protection measures were not taken into account. Consequently, along protected road stretches the hazard could be overestimated.
For road sections crossing the territory of Conca dei Marini, an attempt was made so as to derive rockfall return periods -for assigned volume classes -using the landslide magnitude-frequency curves (MFCs). According to Hungr et al. (1999) , Dussauge et al. (2003) and Malamud et al. (2004) , the MFC for rockfalls can be described by a power law in the following form: where N (V ) is the cumulative annual frequency of rockfall events exceeding a given volume class j , N 0 the annual rockfall frequency, and b the power law exponent. N (V ) in a given volume class j (i.e. N j ) can be calculated according to the approach by Hungr et al. (1999) . In the case where site-specific magnitude values are missing, Agliardi et al. (2009) suggested the use of a value of −0.41 for the exponent b derived from the literature (i.e. the value for carbonate rocks proposed by Dussauge et al., 2003) . This value usually varies within a quite narrow range, i.e. −0.7 < b < −0.4 (Hungr et al., 1999; Dussauge et al., 2003; Picarelli et al., 2005) . With reference to the rockfall inventory, and the f r value of about 0.14 events yr −1 km −1 , return periods varying between about 11.7 and 77 yr (for the rockfall magnitude interval 1 ÷ 100 m 3 ) were calculated (Table 2 ). Caution should be taken when using these data due to uncertainties springing from the lack of a substantially complete catalogue. 
RHRS results
The total rating was calculated for each of the 39 sections in both traffic directions (towards Furore and Maiori) and in two periods per year (spring/summer and autumn/winter) (Fig. 4) . No appreciable difference was found among scores with reference to the above-mentioned conditions because, due to a very tortuous road path with small radii of curvatures, PDSD is always very limited. With reference to AVR there are no great differences among the sections because, during the year, the daily traffic is almost constant. Along the road there are no ditches to retain any fallen rocks; ditch catchment, PDSD, and AVR are the factors that affect the consequence score. Among sections, differences in the hazard score are mainly due to the slope height, structural condition + friction, block size and rockfall history categories. These are the parameters that undergo most changes. It is worth observing that, in 74 % of the cases, the sum of scores of consequence factors is higher than those coming from hazard factors (Fig. 4) . In particular this is true for sections nos. 21, 30, 44, 45 and 50 with a low hazard score (about 100), whereas the consequence score attains a double value compared to the first one (about 220, on average). This occurrence highlights that the rockfall risk is mainly due to the lack of ditches, very limited PDSD values and a small roadway width. As shown by low relative frequency (f r ) values, the hazard due to these rockfalls is a minor factor.
mRHRS results
Due to the significantly more complex and laborious approach required by mRHRS, compared to the original RHRS, only five road sections at Conca dei Marini, one section at Amalfi, and one section at Maiori were studied. These sections were chosen because they have recognizable boundaries on the map scale (1 : 5000) and their overall homogeneity is a function of their relief type, geomorphology and ge- On the basis of the geostructural features of discontinuities (joint orientation, spacing, RQD, joint condition and groundwater) and uniaxial compression strength values, a common rating regarding the basic rock mass rating (RMR) by Bieniawski (1989) has been calculated for all road sections (RMR b = 65), given the homogeneity of the investigated rock masses. The SMR index (Romana, 1985) , varying between 42 and 89, identifies instability classes ranging from the second ("stable slopes") to the third class ("partially stable slopes") with a clear prevalence of the second class cropping out in all three studied sites (Fig. 5) . Similarly to what has already been evaluated by means of RHRS, this occurrence testifies a low rockfall hazard. Furthermore, according to Palmström (1996) and ISRM (1978) , block volumes (V b ) vary between 10 and 100 dm 3 . Even though poorer geomechanical properties and consequent slope stability conditions were detected at Conca dei Marini and Maiori, these sites do not show a higher difference in the total hazard score, compared to Amalfi. Here (section no. 38), higher scores of the slope height category greatly contribute to raise the hazard.
CRHRS results
In order to apply this method, new parameters that were not already used in the previous methods have been surveyed and appropriately rated. These parameters are as follows: the average slope angle (AN), launching features (LF), freezethaw cycles (FT) and, slope aspects (AS), as well as parameters regarding geological characteristics, such as the degree of undercutting (UN), jar slake (JS) and the degree of interbedding (IN) . Once all the CRHRS factors are rated, the average contribution (in %) on the total final rating, for each score category, was calculated (Fig. 6) . Ditch catchment, annual precipitation and PDSD factors have the highest percentage contribution, whereas the slope characters, geological factors, as well as launching features reach percentages varying between 10 % and 4 %. All other factors attain percentages smaller than 1.5 % (Fig. 6 ). In conclusion, a small contribution to overall rockfall risk is supplied by the following categories: rockfall frequency, annual freeze-thaw cycles, seepage, degree of undercutting, jar slake, degree of interbedding, block size, friction, AVR, and the number of accidents.
In order to predict the total hazard score (PS), using fewer parameters than the 18 contained in the CRHRS, the equations developed by Santi et al. (2009) were used. Linear regressions were obtained correlating the actual measured CRHRS score (based on 18 parameters recorded in the field) with the score predicted from Eqs. (2), (3), and (4). The best fits were obtained using the linear least square regressionwithin a 95 % confidence interval -on the above-mentioned predictive equations, which are based on more independent variables (Fig. 7) . The strength of the linear association between variables was judged on the basis of the calculated coefficient of determination R 2 (ranging between 69 % and 87 %). It is worth observing that, in order to predict PS values, five hazard variables (SH, LF, AS, AP, and WG) were used -out of a total of 10 that appear in Eqs. (2) and (4) -having a higher percentage contribution to the measured 18-term score. On the contrary, in the 4-term Eq. (3), two hazard variables (RF and IN) are characterised by low percentage contributions (smaller than 1.5 %). Consequently, this equation seems to be less suitable for predicting reliable PS values. This occurrence is also confirmed by the higher values 32 igure 7. Linear regressions obtained using the equations (2), (3) and (4) by Santi et al., 2009 . he x-axis plots the actual measured CRHRS score based on 18 parameters recorded in the ield. The y-axis plots scores attained from the 6-term eq. valid for cut slopes (a), 4-term eq. alid for cut slopes (b), and 4-term eq. valid for total slopes (c), respectively. of the R 2 obtained linking PS values calculated with Eqs. (2) and (4) to the measured 18-term score (Fig. 7) .
Total scores calculated by means of RHRS and CRHRS vary between 317 ÷ 543 and 400 ÷ 879, respectively. As a greater number of factors (18) must be rated by means of CRHRS, final ratings are higher than those obtained with the RHRS method (10 parameters). Nevertheless, as is evident from their respective normalized coefficients of variation (CV), the two intervals of values are characterised by a very low relative variability (Table 3) . CV is given by where σ is the standard deviation and µ the arithmetic mean of the population (n data). A good correlation was also found between final scores, which shows an increasing linear trend of CRHRS values as a function of the RHRS increase. The found equation is CRHRS = 17.96 + 1.61RHRS r = 0.82 ,
where r is Pearson's correlation coefficient. At last, in order to perform an effective comparison between the systems to be achieved, total scores were appropriately standardized. Each value is expressed as a percentage ratio on the maximum value so that the highest risk index will be 1 and so on, until the minimum value. For each system three classes, which limit values identifying a high, medium and low risk respectively, have been fixed up (Fig. 8) . Threshold limit values between classes were identified taking into account rockfalls that occurred in each road section. Although 76 % of rockfalls affected sections with a high risk level, the remaining percentage involved sections with a medium risk. This is not surprising because it is possible that, for some sections falling within this medium risk, the hazard score is comparable to that characterising sections affected, however, by a greater consequence score.
With reference to the mRHRS method, due to not many available data (only 7), it is impossible to perform a reliable statistical analysis. Consequently, only a general qualitative agreement between the ratings of hazard factors calculated by means of the three selected methods can be seen.
Discussion and conclusions
In the international literature there are no investigations concerning the main differences and similarities among the above-mentioned methods. Consequently, in order to compare results an attempt was performed on a road flanked by rock slopes characterised by complex geostructural and geomechanical layouts.
As far as the results for the RHRS are concerned, the rating calculated for each of the 39 sections is based on not many geological factors, qualitatively described and, therefore, are not reliable enough. Also the climate, presence of water on the slope, and rockfall history categories are too subjectively evaluated. The results proved that a high risk level, affecting some road sections, is mainly due to the lack of ditches, low PDSD values and a small roadway width, whereas a subordinate factor is the hazard caused by rockfalls. This result is in general agreement with low relative frequency (f r ) values calculated for the road sections which display more reliable rockfall data (such as at Conca dei Marini and Amalfi). As far as the results of the mRHRS are concerned, it has been possible to avoid subjective ratings for the geological characteristics, by means of applying the SMR index. However, in order to apply Romana's SMR many scan lines and field measurements carried out by experienced rock-climbing geologists were necessary. The use of the SMR index may provide a better description of the rock slope stability, but makes the method significantly more complex than the original RHRS and may require more training and experience. This approach is notoriously laborious and cannot be applied along many kilometres of the road. Although it is impossible to statistically compare mRHRS final ratings with those supplied by the other two methods (due to the few rated sections), a general qualitative agreement between the data available can be seen. If we compare only the ratings of hazard factors, this occurrence can be clearly seen. In fact, the hazard parameters may vary considerably case by case, whereas very often the consequence factors have similar scores.
With reference to the CRHRS, smaller differences can be observed between the final risk of the rated sections. This occurrence is probably due to the presence of more numerous categories (ditch catchment, precipitations, freeze-thaw cycles, seepage/water, jar slake, degree of interbedding, and the number of accidents) with similar scores with respect to the other two methods. Because a greater number of factors are analysed and then rated, final ratings are higher than those obtained using the other two methods. Consequently, in order to compare the employed methods, it was necessary to standardize them. With reference to the rockfall hazard calculated using the equations by Santi et al. (2009) , it is not necessary to rate all 18 parameters regarding the outcropping sedimentary rock masses. The study showed that even though the four parameters in Eq. (3) are more easily detectable with field surveys or maps (the factors SH, RF, and AS can be directly measured and then scored, whereas only IN requires a subjective evaluation), higher R 2 values are obtained correlating the values of PS -calculated with Eqs. (2) and (4) -to the measured 18-term score. A higher effectiveness of these equations can be assumed.
The adopted methods are "first-level" (RHRS and CRHRS) and "intermediate" (mRHRS) characterisation systems useful for subsequent detailed geomechanical analyses in well-located high-hazard areas (Fell et al., 2008) . With reference to needed equipment and expert knowledge, ease of use, and flexibility of the systems, a comparison is proposed in Table 4 . If needed input data along many kilometres of road are defective, it is preferable to use CRHRS as a firstlevel method. In order to predict the rockfall hazard, it is also possible to perform reliable statistical analyses. On the contrary, if more suitable and numerous geological, traffic, geomechanical and topographical data are available, mRHRS as an intermediate characterisation method might be used.
Finally, it should be kept in mind that results supplied by the above-mentioned methods require continuous updating. This happens not only when a better assessment of any components can modify the calculated risk level (e.g. changes in traffic intensity over time) but also when either stabilization or protective measures have been implemented (Ferlisi et al., 2012; Corominas et al., 2008) . sedimentary rock masses with and crystalline rock masses). clear discontinuity patterns).
Overall assessment Unreliable
Very reliable but laborious. Reliable. It is possible to (due to its subjectivity).
perform statistical analyses in order to predict the rockfall hazard.
